Abstract-This communication presents a novel compact and wideband circularly polarized (CP) slot antenna fed by microstrip feedline. The proposed antenna consists of a corner-truncated square-ring slot patch and a novel bent strip. The CP radiation is formed by using the bent strip to excite CP resonance modes. By intruding several open stubs to the corners of the square-ring slot patch, the impedance matching and axial ratio (AR) bandwidth are improved. The measured results show that the proposed antenna has the advantage of wideband characteristics in terms of an impedance bandwidth of 90.59% (3.2-8.5 GHz) and 3-dB axial ratio bandwidth of 84.2% (3.3-8.1 GHz). The principle as well as simulated and measured results of the proposed antenna is revealed.
INTRODUCTION
With the rapid development of wireless communication systems, broadband circularly polarized (CP) antennas are highly demanded. Recently, the design of a broadband CP antenna has been a topic of concern for antenna designers. However, the traditional CP antennas suffer from narrow impedance and axial ratio bandwidth.
Circularly polarized mode can be realized by various antenna types, such as slot antenna [1] [2] [3] [4] [5] [6] [7] [8] , coplanar waveguide model [9] , and dielectric resonator antenna [10] . Among these antennas, slot antenna has attracted much attention due to the advantagious features of simple structure, wide band, and easy integration. In [3] , a perturbation structure was embedded in an annular-ring slot, dedicated to produce a wide CP bandwidth, and a bent feeding line was used to improve impedance matching within a wide CP band. This antenna achieves 65% impedance and the axial ratio bandwidth in L-band. [8] presents a (CP) rectangular slot antenna fed by a microstrip feedline. The broadband CP operation can be achieved by simply positioning the feedline beneath the extended stub. It is found that by adding the short stub to the top of the feedline, the AR bandwidth can be significantly improved. The antenna exhibits an impedance bandwidth of 90.2% and a 3-dB axial ratio bandwidth of 40%. However, antennas discussed above have the disadvantages of narrow bandwidth, complex structures, and large size.
In this communication, a simple compact and wideband CP antenna is proposed. The presented antenna consists of a bent microstrip feedline and a square-ring slot patch. A pair of open stubs is loaded at the corners of the square-ring slot patch for the perturbation of two orthogonal CP components. Using an additional open-circuited stub near the feeding port can broaden the impedance bandwidth. Table 1 manifests the performances of the proposed antenna and the antennas in [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
ANTENNA DESIGN
The geometry of the proposed broadband circularly polarized antenna is illustrated in Fig. 1 . The proposed antenna is fed by a 50-Ω microstrip feedline printed on the bottom of an FR4 substrate (relative permittivity ε r = 4.4 with a thickness of 1.5 mm). A "bent-shape" microstrip feedline with perpendicular open-circuited stub added can achieve broadband CP characteristics. The right angle of the bent feedline is modified into an arc elbow to improve the impedance matching. The overall dimensions of the proposed antenna are 25 × 25 × 1.5 mm 3 . The evolution of the proposed antenna is depicted in Fig. 2 to illustrate the CP performance enhancement. The following four antenna modes are discussed here. Ant. 1 has a basic slot structure and a Γ-shaped feedline as used in [5] . In antenna 2, a horizontal open-circuited stub is added near the input port (along −y-axis direction). In antenna 3, the right-angled elbow of the corner of the bent feedline is modified into an arc elbow. Ant. 4 is the proposed antenna in this communication, whose one diagonal's corners are loaded by a metallic structure. The performance of the four antenna structures is discussed in Section 3.
RESULTS AND DISCUSSION
The antennas aforementioned are simulated by using Ansoft commercial high frequency structure simulator (HFSS ver. 13) software. To explain the circularly polarized performance of the proposed antenna accurately, the simulation S 11 and AR are shown in Fig. 3 . The square-ring slot is fed by a conventional Γ-type microstrip feedline in antenna 1. Two orthogonal electric field components which are equal in amplitude with 90 • phase difference are formed by the proposed antenna, so the circularly polarized radiation mode is achieved. To reduce the reflection coefficient, the feeding line structure is changed in Fig. 2 (ANT1) . However, the impedance bandwidth of this structure is relatively narrow.
Therefore, antenna 2 is loaded by an open-circuited stub near the feeding port as depicted in Fig. 2 (ANT2). By adjusting the length and position of the open-circuited stub, the imaginary part of input impedance can be improved, leading to a wider bandwidth as depicted in Fig. 3(a) . In antenna 3, the right angle section of the feedline is changed into an arc elbow, which increases the impedance bandwidth. This is because it reduces the discontinuity of the energy transmission, so that the impedance matching is improved. The axial ratio is improved by the introduction of perturbation of a pair of open stubs at corners of the square-ring slot patch along the diagonal direction. The operation mechanism of the open-stubs has been mentioned in [3] . As can be seen from Fig. 3(c) , the AR of antenna 4 is improved significantly compared with antenna 3.
To further comprehend the circularly polarized radiation mechanism, the simulated time-varying surface current distributions of the proposed antenna are shown in Fig. 4 at 6 GHz. It is observed that the surface current distributions at 180 • and 270 • are equal in magnitude and opposite at phase of 0 • and 90 • . At 0 • time, the surface current flows upward, and at 90 • time, the surface current flows to the right. Similarly, the surface current flows down at 180 • time and flows to the left around the patch ring at 270 • time. This shows that the proposed antenna is left-hand circularly polarized (LHCP) in the +z-direction, whereas a right-hand circular polarization (RHCP) is produced in the −z-direction. Fig. 5 shows the fabricated prototype having a total size of 25 × 25 × 1.5 mm 3 . By optimizing the curvature of the arc elbow, the proposed antenna has excellent impedance and axial ratio bandwidth, as observed from Fig. 6 . As well, the far-field performance of the prototype antenna is shown in Fig. 7 . 
CONCLUSION
The design of a compact and wideband CP slot antenna with a bent feeding structure is proposed in this paper. This proposed antenna uses a "bent-shape" microstrip feedline to excite a square-ring slot based on the theory that two orthogonal electric fields have equal amplitude, and 90 • phase difference can form circularly polarized wave. The increased impedance bandwidth is due to applying the method of adding an open-circuited stub aside the input port. A pair of corners of an annular slot is loaded by a perturbation structure, which can improve the axial ratio property significantly. After adjusting and optimizing the crucial parameters, the proposed antenna is able to achieve the relative bandwidth of 84.2% (3.3-8.1 GHz) of the impedance and axial ratio bandwidth. The peak gain of this antenna ranges from 0.81 to 3.56 dBi over the entire band. It is useful for wireless applications in the C-band.
